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Decomposing Surface EMG into Motor Unit Action Potentials
Based on Independent Component Analysis Approach
| A Basic Study on Signal Separation with Biomimetic Signals |
By
Ryo Kamikawa , Hiroshi Wakuya and Kenji Saitou
Abstract : A motor unit (MU) is a medical term of the basic element for muscle activity, and
it is composed of a single motoneuron and several muscle ¯bers. Because the motoneuron governs
all ¯bers in the same MU, the ¯bers are activated simultaneously by a motor command from the
brain through a motoneuron. By the way, each muscle in our body consists of several MUs, whose
properties are di®erent in maximum force, recruitment, and so on, therefore a recording of muscle
activity called a surface electromyogram (sEMG) represents a superimposed waveform of motor
unit action potentials (MUAPs). From the viewpoint of motion analysis, decomposing the recorded
sEMG signals into each MUAP is one of the attractive topics, and its results must give us various
kinds of suggestions also applicable in the ¯eld of welfare engineering. Then, in order to carry out
this challenging project, an independent component analysis (ICA) approach is adopted, and some
computer simulations with biomimetic signals are tried under the simpli¯ed condition. As a result,
it is found that the sEMG signals seem to be decomposed successfully according to the correlation
coe±cient, an evaluation index used in this study, but the actual observed waveforms have not been
so su±cient for the ¯nal goal which we are aiming at.
































































個の信号 x(t)として取得する。このとき，m > nであ
り，その割合をm £ n の混合係数行列Aで表す。ICA
では，後述の ICAアルゴリズムを用いて繰り返し計算





















原信号 s(t) 観測信号 x(t) 復元信号 y(t)
Fig.1　 ICAにおける信号の流れ
を求めるために必要な復元係数行列W を導出する。
x(t) = As(t) (1)
y(t) =Wx(t) (2)





















0 0 1 0 0
0 0 0 0 1
0 0 0 1 0
1 0 0 0 0
0 1 0 0 0
37777775 (4)
独立成分分析を用いた表面筋電信号から運動単位活動電位への分離




1 0 0 0 0
0 5 0 0 0
0 0 2 0 0
0 0 0 4 0










wij(t+ 1) = wij(t) + ¢wij(t)　 (6)
¢wij(t) =
(
¡´ fyi(t)g3 yj(t) ; i 6= j








きるのは，任意の 2つの確率変数 f と gが独立である
場合，その積 fgの期待値が，それぞれの期待値の積と
等しくなることを利用しているからである。すなわち，
E[f ] = 0 (8)
E[g] = 0 (9)
という場合を仮定すると，これらが独立であれば，そ
の積の期待値は，





f(yi) = y3i (11)
g(yj) = yj (12)











































































































f(x) = f1(x)¡ Cf2(x) (15)
となる。ここで，¾1, ¾2 はそれぞれのガウス関数の広





















原信号 s1(t) s2(t) s3(t) ¾2=¾1
¾1 1.00 2.00 3.00 －
¾2 1.50 3.00 4.50 1.50
1.75 3.50 5.25 1.75
2.00 4.00 6.00 2.00
2.25 4.50 6.75 2.25
2.50 5.00 7.50 2.50
2.75 5.50 8.25 2.75
3.00 6.00 9.00 3.00
3.25 6.50 9.75 3.25
3.50 7.00 10.50 3.50
3.75 7.50 11.25 3.75
4.00 8.00 12.00 4.00
4.25 8.50 12.75 4.25
4.50 9.00 13.50 4.50
4.75 9.50 14.25 4.75
5.00 10.00 15.00 5.00


















































































































































































































































































































列 P は単位行列である。そこで，B = A¡1 とすると，
式 (3)は，
W = DA¡1 = DB (17)
より，
W =




264 d1 0 00 d2 0
0 0 d3
375
















y1(t) = w1 ¢ x(t) = d1b1 ¢ x(t)
y2(t) = w2 ¢ x(t) = d2b2 ¢ x(t)

















jjbijj (i = 1; 2; 3) (21)
という指標を定義する。本研究で得られる復元係数行
列の理論値は，
B = A¡1 =




















































(a) 原信号 s1(t)と復元信号 yi(t)の相関係数
























(b) 原信号 s2(t)と復元信号 yi(t)の相関係数





























































































































































に，式 (16) に示す混合係数行列 A により，線形混合
したものを表面筋電信号とみなして 3種類用意し，こ
れらを観測信号 x1(t)，x2(t)，x3(t) として ICA を適






















264 0:88 ¡0:46 ¡0:30¡0:22 1:05 ¡0:21
0:45 ¡1:02 1:00
375 (25)
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